Three island populations of the marsh rice rat (Oryzomys palustris) found in Florida have been described as taxonomically unique; the Pine Island rice rat (O. p. planirostris) and Sanibel Island rice rat (O. p. sanibeli), originally described as subspecies, and the endangered silver rice rat (O. argentatus), originally described as a separate species. We aimed to resolve the phylogenetic relationships among these island populations and investigate their genetic distinctness with DNA sequence data from the mitochondrial control region and cytochrome-b gene. Using parsimony, maximum-likelihood, and Bayesian analyses, we estimated the phylogenetic relationships and genetic distances among the 3 island populations and 4 other described subspecies. Our mitochondrial DNA analyses indicate that the silver rice rat and Sanibel Island rice rat are genetically divergent from mainland populations, but the Pine Island rice rat is not. The silver rice rat and Sanibel Island rice rat may be genetically isolated due to geographic separation resulting in reduced gene flow. They have the potential to become distinct phylogenetic groups and eventually species.
The endangered silver rice rat, 1st described by Spitzer and Lazell (1978) as a species, is ecologically distinct from mainland rice rats; individuals have larger home ranges than mainland rice rats and almost exclusively inhabit salt marsh (Spitzer 1983; Goodyear 1987 Goodyear , 1992 . They also have a lower reproductive rate and are found at much lower densities than the mainland marsh rice rat (United States Fish and Wildlife Service 1999) . Initial genetic studies of this population uncovered a single unique mitochondrial control region (CR) haplotype and identified genetic divergence at 6 microsatellite loci in a small sample of silver rice rats when compared to the Florida Everglades population (Gaines et al. 1997; Wang et al. 2005) . These data support the presence of genetic differentiation, but do not offer enough evidence to determine the level of divergence between the silver rice rat and mainland populations. The silver rice rat may not yet be reproductively isolated from mainland populations, but it most likely is geographically isolated. No rice rats are known to inhabit the Upper Keys separating the Lower Keys population from the mainland by more than 100 km (Goodyear 1987) . Although marsh rice rats have been observed swimming distances of up to 300 m (Forys and Moncrief 1994) , unlike the Pine Island and Sanibel Island rice rats the geographic separation of the silver rice rat from mainland populations could be large enough to act as a barrier to gene flow and genetically isolate this disjunct population. The length of time populations have been absent from the Upper Keys is unknown; a more recent extirpation of the Upper Keys populations coinciding with urban development cannot be completely discounted.
The taxonomic status of the silver rice rat has been debated for the last 30 years (Spitzer and Lazell 1978; Barbour and Humphrey 1982; Humphrey and Setzer 1989; Goodyear 1991) . It is protected by the United States Endangered Species Act, under which it is classified as a distinct vertebrate population of the subspecies O. p. natator (United States Fish and Wildlife Service 1999) . Also, the Sanibel Island rice rat is a species of special concern in the state of Florida and recently has come under review for elevation to threatened status (Florida Fish and Wildlife Conservation Commission 2011) . The Pine Island rice rat, like the mainland populations in the eastern region of this species' range, is not listed for protection. Reproductive isolation of the Pine Island and Sanibel Island rice rats is unknown because of the close proximity of both islands to the mainland and the marsh rice rat's ability to disperse over water (Loxterman et al. 1998 ). However, gene flow is most likely reduced compared to levels among mainland populations.
In this study we investigated the phylogenetics of the marsh rice rat to determine the relative levels of divergence among the 3 island populations. The goals of this study were to clarify the relationships of the Pine Island rice rat, Sanibel Island rice rat, and silver rice rat to mainland marsh rice rat populations and quantify the genetic distinctness of the island populations. We estimated the genetic distances among the 4 mainland subspecies, as well as between the marsh rice rat and its sister species the Coues' rice rat (O. couesi), and used these measures as benchmarks for determining the relative divergence of the 3 island populations. Island populations often are threatened with extinction because of their restricted range and habitat loss, FJ974120-FJ974122,  JN997849-JN997919, JN998024,  DQ370032, FJ974129,  JN997942-JN997992, DQ370031,  EU074642, FJ974123-FJ974125,  JN98006-JN98022 and CR  JN997588-JN997649, JN997662-JN997665, JN997691-JN997744,  JN997760, which may be magnified in an island ecosystem. Understanding levels of genetic isolation in island populations is crucial for their conservation and management.
MATERIALS AND METHODS
Sample collection.-We obtained tissue samples from marsh rice rat populations throughout the species' range (Fig. 1) . Sampling methods were approved by the University of Miami Animal Care and Use Committee and followed methods approved by the American Society of Mammalogists Animal Care and Use Committee (Sikes et al. 2011) . We were loaned 174 samples from museum collections and 83 samples were taken from wild populations for a total of 257 individuals from all 6 subspecies of the marsh rice rat,
, and O. p. texensis (n ¼ 140), and from the silver rice rat (n ¼ 13). We also included 9 individuals of Coues' rice rat, the sister species of the marsh rice rat, which were loaned from museum collections. All samples and their geographic localities are listed in Appendix I.
DNA extraction, amplification, and sequencing.-We isolated DNA from tail tips and liver using a standard ethanol precipitation procedure. We used a DNeasy tissue kit (Qiagen Inc., Valencia, California) to extract DNA from museum toe bones following a Qiagen user-developed protocol. The mitochondrial cytochrome-b (Cytb) gene and CR were amplified using the polymerase chain reaction (Saiki et al. 1988) . Polymerase chain reaction primers for Cytb were MVZ05 (Smith and Patton 1993) and CB40 (Hanson and Bradley 2008) and for the CR Ory5 0 -TACCATGAYCTTGTAAGTC (this study) and 2340 -5 (Méndez-Harclerode et al. 2005 .
For both Cytb and the CR, the total polymerase chain reaction volume was 10 ll, with 1 ll of 10x buffer, 2.5 mM of MgCl 2 , 1 U of Taq DNA polymerase (Promega, Madison, Wisconsin), 0.1 mM of deoxynucleoside triphosphates, and 14 pmol of each primer. The thermal profile for Cytb was: initial denaturation at 958C (2 min), 30 cycles with denaturation at 958C (45 s), annealing at 548C (1 min), extension at 728C (1 min 30 s), and a final extension at 728C (8 min- Hanson et al. 2010) . The thermal profile for the CR was: initial denaturation at 93.58C (1 min), 33 cycles with denaturation at 93.58C (40 s), annealing at 498C (40 s), extension at 728C (2 min 40 s), and a final extension stage at 728C (2 min-Méndez- Harclerode et al. 2005) . Amplified fragments were purified using ExoSAP-IT enzymes (USB Corp., Cleveland, Ohio) before cycle sequencing.
Polymerase chain reaction fragments were sequenced using ABI Prism Big Dye Terminator version 3.1 ready reaction mix (Applied Biosystems, Foster City, California). The primers used for initial polymerase chain reaction amplification were used with internal primers MVZ04 and MVZ45 (Smith and Patton 1993) for Cytb and 500F (Castro-Campillo et al. 1999) and 1115 (Méndez-Harclerode et al. 2005) for the CR. Cycle sequencing was carried out using the following thermal profile: initial denaturation at 958C for 1 min, then 40 cycles of denaturing at 958C for 1 min, annealing at 508C for 20 s, and extension at 608C for 4 min. We purified sequencing reactions using Sephadex columns (GE Healthcare, Piscataway, New Jersey; Millipore, Billerica, Massachusetts), then dried them for 45 min in a vacuum centrifuge and resuspended the reactions in 10-12 ll of Hi-Di Formamide (Applied Biosystems). Sequences were run on an ABI 3130xl automated sequencer (Applied Biosystems).
Nucleotide sequence chromatograms were edited and proofed using Sequencher 4.6 software (GeneCodes, Ann Arbor, Michigan). All DNA sequences were deposited in GenBank and accession numbers are listed in Appendix I. Sequences for all individuals were aligned in MEGA4 using the ClustalW algorithm (Tamura et al. 2007 ). Aligned sequence files were imported into DnaSP version 5 (Librado and Rozas 2009) to determine unique haplotypes. Only unique haplotypes were included in the phylogenetic analyses, except if a haplotype was found in more than 1 population. Then that haplotype was included for each population in which it occurred.
Phylogenetic analyses.-Cytochrome-b and CR sequence data were used to estimate phylogenetic relationships among populations. Because Cytb and the CR are adjacent on the mitochondrial genome, which is inherited as 1 unit, both were analyzed together for all phylogenetic analyses. Gaps in the CR alignment were coded using FastGap (Borchsenius 2009 ) with the conservative ''simple indel coding'' method described by Simmons and Ochoterena (2000) . Coues' rice rat individuals from Texas, Mexico, and Honduras were included in phylogenetic analyses as outgroup taxa. The more distantly related Chaco marsh rat (Holochilus chacarius) from Paraguay also was used as an outgroup taxon in all analyses (GenBank accession numbers DQ227455 and AY863421).
Phylogenetic reconstructions of mitochondrial DNA (mtDNA) trees were performed using maximum-parsimony, maximum-likelihood, and Bayesian analyses. Parsimony analysis was conducted in PAUP version 4.0b10 (Swofford 2002) . Nucleotide positions were treated as equally weighted, unordered, discrete characters with 4 possible states: A, C, G, or T. The heuristic search method with tree bisectionreconnection branch swapping and 100 random addition replicates were used to estimate optimal trees. Nodal support of topologies was calculated using heuristic bootstrapping with 100 iterations (Felsenstein 1985) . Searches were limited to 10,000 trees.
For maximum-likelihood and Bayesian analyses the best-fit model of evolution was estimated for each mitochondrial region separately using the program MrModeltest (Nylander 2004) . The most appropriate model of evolution for both Cytb and the CR was the General Time Reversible model with parameters for invariant sites and rate variation (GTR þ I þ G- Tavaré 1986) . Maximum-likelihood analysis was performed with the software program RAxML (Stamatakis 2006) . CR and Cytb data were partitioned into separate regions (noncoding versus coding, respectively). Maximum-likelihood support values were calculated with 100 bootstrap iterations using the rapid bootstrapping algorithm (Stamatakis et al. 2008) . A different random starting seed number was used for each run of the maximum-likelihood analysis. Bayesian analysis was carried out with the software program MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) . We implemented the site-specific gamma distribution and allowed for invariant sites. Cytb and the CR were partitioned separately, with Cytb further partitioned by codon position (1st, 2nd, or 3rd) to account for the varying rates of evolution hypothesized for the 3 different positions within a codon. We used 4 Markov chains, 10 million generations, and a sample frequency of every 1,000th generation. The 1st 1,000 trees were discarded as burn-in and a majority rule consensus tree was created with the remaining trees. Nodal support was calculated for tree topologies using clade posterior probabilities estimated with MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) .
Genetic divergence.-We estimated the average genetic distances among all 6 subspecies, between each of these subspecies and the silver rice rat, and between Coues' rice rat and all O. palustris taxa. The genetic distance between the marsh rice rat and its sister species, the Coues' rice rat, was used as a benchmark for the amount of genetic divergence between species in the genus Oryzomys. Because the 4 samples of O. p. palustris from Mississippi and Tennessee clustered with O. p. texensis in all phylogenetic analyses, they were grouped with the texensis subspecies for this analysis. Genetic distances were estimated for the Cytb data with the Kimura 2-parameter model of evolution (Kimura 1980) and for the CR data with the Tamura-Nei model (Tamura and Nei 1993) using MEGA4 (Tamura et al. 2007) . From these estimates we inferred levels of genetic differentiation among groups. Genetic distances among populations within each group or subspecies also were estimated. Except as noted above, groups for comparison were determined a priori based on the morphological subspecies delimitations. An analysis of molecular variance (AMOVA) was performed with the program Arlequin (Excoffier et al. 2005) to quantify genetic variation at 3 hierarchical levels: within populations, among populations within subspecies, and among subspecies (Excoffier et al. 1992) .
RESULTS
A total of 1,143 base pairs for Cytb and 1,044 base pairs for the CR were sequenced from 257 marsh rice rats. After combining the 2 data sets and aligning all sequences in MEGA4 (Tamura et al. 2007 ), there were a total of 2,249 positions and 133 unique haplotypes. Gap coding with FastGap (Borchsenius 2009 ) increased the number of informative characters by 52. Nucleotide frequencies for the Cytb sequences were A ¼ 32.8%, C ¼ 27.1%, G ¼ 11.7%, and T ¼ 28.4%, and for the CR were A ¼ 35.4%, C ¼ 25%, G ¼ 10.3%, and T ¼ 29.3%. Transitions were 5.1 times more common than transversions in Cytb and 2.36 times more common in the CR.
Phylogenetic analyses.-For the parsimony analysis, 495 informative characters were used to construct the limit of (Fig. 3) . Both clades were supported with the highest bootstrap support (100%). Many haplotypes within each clade formed polytomies, especially in clade A, leaving many relationships unresolved. However, the maximum-likelihood and Bayesian analyses estimated trees that were much better resolved and supported the same tree topology as the parsimony analysis, with clades A and B strongly supported. Thus, we only present the Bayesian phylogenetic trees in Figs. 2 and 3. Within each clade the maximum-likelihood and Bayesian tree topologies were very similar to the topology estimated by parsimony analysis, though the Bayesian analysis better resolved relationships among individual haplotypes (Figs. 2 and 3 (Fig. 2) . However, both were nested within para-phyletic clades that included individuals from other Floridian subspecies. In the maximum-likelihood and Bayesian analyses, the silver rice rat was nested within a clade containing 2 haplotypes of O. p. coloratus from Everglades National Park in Miami-Dade County. The phylogenetic relationship between the silver rice rat and other groups was unresolved in the parsimony analysis. In all analyses the Sanibel Island rice rat fell within a clade containing a haplotype from Everglades Most haplotypes in clade B, which contained all haplotypes of the subspecies O. p. texensis as well as haplotypes of O. p. palustris from Mississippi and Tennessee, did not cluster together by population (Fig. 3) . Haplotypes from most of the populations were found in more than 1 subclade and spread throughout the tree. The only subclade that was made up of haplotypes of the same populations had the strongest bootstrap and posterior probability support, stronger than any of the other subclades in clade B. This clade contained all haplotypes from Tamaulipas, Mexico, and Willacy County, Texas, and all but 1 of the haploypes from Cameron County, Texas. That haplotype clustered with others from throughout Texas.
Genetic divergence.-Genetic distances estimated using the Kimura 2-parameter model and the Tamura-Nei model strongly supported the genetic divergence between eastern and western marsh rice rat populations, clade A and clade B, respectively, as found in the phylogenetic analyses. O. p. texensis in the west was separated from other marsh rice rat subspecies in the east by a mean distance of 6.05% in Cytb and 9.6% in the CR. Mean genetic distances among the eastern subspecies (O. p. coloratus, O. p. natator, O. p. planirostris, O. p. sanibeli, and O. p. palustris) were much less, ranging from 0.4% to 1.2% in Cytb and from 0.9% to 1.5% in the CR ( Table  2) . As a benchmark for species-level divergence in the genus Oryzomys, we estimated the genetic distance between Coues' rice rat and marsh rice rat subspecies, including the silver rice rat. Between Coues' rice rat and the eastern marsh rice rat subspecies genetic distances averaged 11% in Cytb and 13.8% in the CR. The divergence between Coues' rice rat and the western subspecies O. p. texensis was 11.6% in Cytb and 13.3% in the CR.
Genetic divergence between the silver rice rat and the eastern marsh rice rat subspecies ranged from 0.5% to 1.1% in Cytb and from 0.9% to 1.4% in the CR (Table 2) . Between the Sanibel Island rice rat and other eastern marsh rice rat subspecies, including the silver rice rat, genetic distances ranged from 0.9% to 1.2% in Cytb and from 0.9% to 1.3% in the CR. Genetic divergence between the Pine Island rice rat and other eastern marsh rice rat subspecies, including the silver rice rat, was less than the divergence of the other 2 island populations. The divergence between the Pine Island rice rat and Sanibel Island rice rat (1%) in Cytb was twice as much as between the Pine Island rice rat and silver rice rat (0.5%). However, the opposite was estimated in the CR with divergence between the Pine Island rice rat and silver rice rat (1.1%) greater than between the Pine Island rice rat and Sanibel Island rice rat (1.0%). Divergence between the 3 island populations and the closest mainland population, O. p. coloratus from the Florida Everglades, showed a similar pattern. In Cytb divergence between the Sanibel Island rice rat and O. p. coloratus (1%) was greater than the divergence between the silver rice rat and O. p. coloratus (0.5%), but not in the CR. The Cytb divergence between the silver rice rat and O. p. coloratus was the same as the divergence between the Pine Island rice rat and O. p. coloratus. But in the CR, divergence between the Pine Island rice rat and O. p. coloratus (1.1%) was greater than between the silver rice rat and O. p. coloratus (1%).
Genetic distances within O. p. texensis were the largest compared to the other groups at 0.8% in Cytb and 1.5% in the CR (Table 3) . Genetic distance within the silver rice rat population was 0% for both mtDNA regions. Although sample sizes were smaller for the Sanibel Island and Pine Island rice rats, genetic distances within these 2 subspecies were slightly greater than within the silver rice rat, except for the CR distance within the Sanibel Island rice rat, which also was 0%. OPP -1.2% 6 0.3% 0.7% 6 0.1% 0.7% 6 0.1% 0.6% 6 0.1% 0.7% 6 0.2% 5.9% 6 0.7% 11.0% 6 0.9% OPS 1.3% 6 0.3% -1.0% 6 0.3% 1.0% 6 0.3% 0.9% 6 0.2% 1.1% 6 0.3% 6.1% 6 0.7% 10.8% 6 0.9% OPI 1.5% 6 0.3% 1.0% 6 0.3% -0.5% 6 0.1% 0.5% 6 0.1% 0.5% 6 0.2% 6.1% 6 0.7% 10.8% 6 0.9% OPC 1.4% 6 0.2% 0.9% 6 0.2% 1.1% 6 0.9% -0.4% 6 0.1% 0.5% 6 0.2% 6.0% 6 0.7% 11.0% 6 0.9% OPN 1.4% 6 0.2% 1.0% 6 0.2% 1.1% 6 0.2% 1.1% 6 0.2% -0.5% 6 0.2% 6.0% 6 0.7% 10.9% 6 0.9% OPA 1.4% 6 0.3% 0.9% 6 0.3% 1.1% 6 0.3% 1.0% 6 0.2% 1.2% 6 0.3% -5.9% 6 0.7% 10.7% 6 0.9% OPT 9.4% 6 0.9% 9.5% 6 1.0% 9.8% 6 1.0% 9.5% 6 1.0% 9.7% 6 1.0% 9.8% 6 1.0% -11.6% 6 0.1% OCU 13.7% 6 1.2% 14.0% 6 1.2% 13.6% 6 1.2% 13.8% 6 1.2% 13.8% 6 1.2% 13.8% 6 1.2% 13.3% 6 1.0% - Table 3 .-Average genetic distances for 2 mitochondrial regions estimated with the Kimura 2-parameter model (Kimura 1980) for cytochrome-b and with the Tamura-Nei model (Tamura and Nei 1993) for the control region. Genetic distances are reported as percent divergence with standard error (computed by 1,000 bootstrap replicates) within all North American Oryzomys taxonomic units. O. p. ¼ Oryzomys palustris. The Pine Island rice rat had the greatest distance among haplotypes compared to the other 2 island populations with 0.4% in Cytb and 0.7% in the CR. These estimates were similar to distances within the eastern mainland subspecies (Table 3) . Using AMOVA, we found more genetic variation within populations and among populations within subspecies, than among subspecies (Table 4 ). The AMOVA indicated that 66.26% of the genetic variation within the marsh rice rat is within populations, 29.04% is found among populations within subspecies, and only 4.7% of the genetic variation is attributable to subspecies differences.
DISCUSSION
In this study we used molecular data to investigate the phylogenetic relationships among the Pine Island rice rat, Sanibel Island rice rat, the silver rice rat, and mainland marsh rice rats to resolve the genetic distinctness of the 3 island populations. Current marsh rice rat taxonomic designations are based on morphology, and our data do not support genetic distinction of each named group. This is well illustrated by the AMOVA, which found most of the genetic variation in this species to be within and among populations, not among subspecies. If substantial genetic divergence existed among subspecies, we would expect that most genetic variation would be found among subspecies groups. Examining the divergence between the marsh rice rat and Coues' rice rat, as well as among the 3 eastern mainland marsh rice rat subspecies, helps to clarify the levels of genetic divergence between the island and mainland populations. The genetic distances estimated between the Coues' rice rat and marsh rice rat are much greater than the divergence estimates among any of the named marsh rice rat taxonomic groups. Based on these divergence levels, the phylogenetic relationships estimated, and the ecology of these populations, we suggest that our data support phylogenetic distinction of the Sanibel Island rice rat and silver rice rat. The Pine Island rice rat is not genetically divergent from mainland populations and was not differentiated from O. p. coloratus and O. p. natator in the phylogenetic trees. The lack of clustering among haploytpes from the mainland subspecies indicates that the eastern mainland populations are possibly 1 subspecies (O. p. palustris). Additional evidence from multiple nuclear markers is necessary to confirm taxonomic designations, but data presented here can provide a foundation for future taxonomic studies of the marsh rice rat. However, nuclear genes typically do not evolve as quickly as mtDNA, so they may not show any divergence among populations especially if genetic divergence is recent. Our data do support the phylogenetic distinctness of the western clade as was found in Hanson et al. (2010) based on a Bayesian estimate of species tree (BEST-Liu 2008) analysis of combined nuclear and mtDNA markers. We agree that this western clade may be a separate species, which would best be named as O. texensis. Our analyses support the findings of the study of Hanson et al. (2010) , with a larger sample size and an additional, fasterevolving marker, the mitochondrial CR.
Although genetic divergence and phylogenetic relationships are strong determinants of taxonomic classifications, other evidence can be used to support conclusions drawn from genetic data. Our understanding of the marsh rice rat's ecology is not complete, but the 3 island populations do have other lines of evidence that support the phylogenetic relationships uncovered in this study. The Pine Island rice rat individuals were trapped in a restoration area on Little Pine Island, which lies between Pine Island and mainland Florida. Specimens originally used to describe this group also were trapped on Little Pine Island (Hamilton 1955) . Before restoration began in the mid-1990s, our coastal mangrove study area was the site of a sewage treatment plant where the predominant small mammal species was the black rat (Rattus rattus-A. Nielsen, Florida Department of Environmental Protection, pers. comm.). The area was dominated by invasive species making it less suitable for native wetland plants and animals (Mariner Properties Development, Inc., Fort Myers, Florida) . This area could have been recolonized by individuals from the mainland rather than by individuals of O. p. planirostris from Pine Island after wetland restoration. Specimens from Pine Island proper should be examined because they could still prove to be phylogenetically distinct. However, in the initial description of the Pine Island rice rat, Hamilton (1955) noted that individuals collected in nearby North Ft. Myers, Florida, on the mainland did not differ from those he trapped on Little Pine Island, but that specimens from both locations differed from O. p. natator and O. p. coloratus. The fact that the island and adjacent mainland specimens were not morphologically differentiable from each other supports our data that found the Pine Island rice rat to be phylogenetically indistinguishable. The initial description of the Pine Island rice rat as a separate subspecies may have been unwarranted.
Unlike the Pine Island rice rat, the Sanibel Island rice rat may be genetically distinct, justifying more detailed studies of this population's ecology, dispersal behavior, and population genetics. Pine Island and Sanibel Island are separated by about 3 km over Pine Island Sound, yet the genetic divergence in Cytb between the populations found on these 2 islands was greater than the divergence between the Pine Island rice rat and silver rice rat from the more geographically distant Florida Keys. A larger sample size should be analyzed at multiple loci to better support these phylogenetic estimates, especially because the opposite pattern was found for estimates based on the CR. Overall, the Sanibel Island rice rat was the most divergent island population. Sanibel Island is farther from mainland Florida than Pine Island (about 5 km versus 2 km). Therefore, the Sanibel Island rice rat is more geographically distant from other rice rat populations. Gene flow between the Sanibel Island rice rat and the mainland population needs to be studied in detail, especially because rice rats are good swimmers and have been trapped on surrounding smaller islands (E. Wood, J. N. Ding Darling National Wildlife Refuge, pers. comm.). Currently, there is insufficient genetic divergence to support species classification of the silver rice rat, contrary to the assertion by Goodyear (1991) that the silver rice rat is a separate species. The genetic divergence between eastern and western populations is much greater than the divergence between the silver rice rat and mainland marsh rice rat, and the marsh rice rat's sister species, the Coues' rice rat, is even more divergent. Its geographic isolation, the monophyletic association of unique haplotypes, the level of genetic divergence, and unique ecology suggest the silver rice rat be classified as the subspecies O. p. argentatus. Despite its dispersal ability, the distance between the Lower Florida Keys and the Everglades in southern Florida may be too great to allow for gene flow between the silver rice rat and mainland marsh rice rat. Because it has been separated from the Everglades population for less than 3,000 years, perhaps the silver rice rat has not been isolated long enough for many mutations to accumulate (Barbour and Humphrey 1982) .
During the last glacial maximum 22,000 years ago, the Everglades marsh rice rat population most likely was contiguous with the Keys population. The Sanibel Island and Pine Island populations also were probably part of this mainland population. During times of low sea level during the glacial cycles of the Pleistocene, the coastal islands of Florida were connected to the mainland forming a peninsula that was much greater in area than it is today. Individuals did not have to cross large bodies of water to disperse to mainland populations. However, when sea level rose forming these islands, gene flow between island and mainland populations was reduced or completely cut off, which could result in genetic isolation. Evidence of dispersal between the islands and the mainland is crucial for understanding the phylogenetic relationships of these island populations.
Gene flow among mainland populations is likely high, as reflected in the lack of clustering among haplotypes from the same populations. The small amount of genetic divergence among the eastern mainland populations also is evidence of high gene flow and the larger genetic distances within the mainland subspecies indicate greater genetic diversity than that found in the Sanibel Island rice rat and silver rice rat. The presence or absence of gene flow between the eastern and western clades will be resolved with more intense sampling in the area between Mississippi and Alabama, as well as by studying the dispersal dynamics between the 2 groups. Dispersal and gene flow between the clade formed by haplotypes from southeastern Texas and northeastern Mexico and other Texas populations should be investigated to determine this clade's level of divergence and taxonomic distinctness.
Dispersal behavior and gene flow greatly influence the evolution and systematics of many mammalian species. A better understanding of the ecology and behavior of the marsh rice rat will help explain the phylogenetic patterns uncovered in this study. The Sanibel Island rice rat and silver rice rat should continue to be monitored; both of these groups are threatened and may be isolated from mainland populations, increasing their extinction risk. The phylogenetic relationships and genetic divergence within the marsh rice rat will help to predict the phylogenetic patterns in other morphologically variable small mammals and provide valuable information about the evolutionary processes that shape biodiversity.
RESUMEN
Tres poblaciones insulares de Oryzomys palustris de la Florida han sido descritas comoúnicas taxonómicamente; O. p. planirostris y O. p. sanibeli, descritas originalmente como subespecies, y la O. argentatus, actualmente amenazada y originalmente identificada como especie. Este trabajo tenía como objetivo resolver las relaciones filogenéticas entre estas poblaciones insulares y dilucidar su similaridad genética a partir de datos de secuencias de ADN mitocondrial de la región control y del gen Citocromo-b. Las relaciones filogenéticas y las distancias genéticas entre las 3 poblaciones insulares y otras 4 subespecies descritas fueron evaluadas utilizando parsimonia, máxima verosimilitud y análisis bayesianos. Nuestros análisis de ADN mitocondrial indican que las poblaciones de O. argentatus y O. p. sanibeli son divergentes genéticamente de las poblaciones continentales, más sin embargo, O. p. planirostris no lo es. Es posible que las poblaciones O. argentatus y O. p. sanibeli estén aisladas genéticamente debido a la separación geográfica y que esto haya resultado en una reducción del flujo génico. Estas poblaciones tienen el potencial de convertirse en grupos filogenéticamente distintivos y eventualmente en distintas especies.
